An improvement in negative symptoms and a reduction in the number of visits to the emergency department have been reported in a problem solving based psychoeducational group intervention (PE) for adolescents with psychosis relative to a nonstructured group (NS). One of the factors that may play a role on the response to PE treatment is executive function (EF), a crucial cognitive domain for problem-solving performance. We aimed to examine the role of EF in response to PE treatment versus an NS group. We examined the associations between changes in cognition and in clinical/functional variables within each treatment group using Spearman-ranked and partial correlation analyses. A total of 22 individuals (mean age: 16.3) were randomized to PE (N = 10) and NS (N = 12). We found an association between improvements in EF performance and a reduction in positive symptoms (r s = -0.756, p = 0.030 for semantic fluency), reduction in negative symptoms (r = 0.758, p = 0.029 for semantic; r s = -0,733, p = 0.025 for verbal fluency), and reduction in the number of visits to the emergency department (r = -0,743, p = 0.035 for semantic fluency) in the PE group. No associations were found in the NS group. Our results suggest that EF may play a role in the specific improvements observed in the PE group. This may have implications in the development of new areas of clinical intervention focusing on the role of cognitive functioning in response to psychosocial treatments in psychosis.
Introduction
Continued beneficial effects in clinical and functional outcomes have previously been reported for participants in a nine-month problem solving based psychoeducational group intervention (PE) for adolescents with psychosis and their families (i.e., the PIENSA program [1] ), at the end [2] and two years after the intervention [3] , relative to a nonstructured group intervention (NS). We found an improvement in negative symptoms and a reduction in the number of visits to the emergency department in the group of adolescents with psychosis who participated in psychoeducational (PE) treatment compared to the nonstructured (NS) group at the end of the intervention [2] . Participants in the PE group also had a decreased number of visits to the emergency department at two-year follow-up relative to participants in the NS group [3] .
One of the factors that may play a role in the response to PE treatment is executive functioning performance. Executive function involves the orchestration of high-order cognitive processes that are necessary to deliberately solve a problem and/or to respond to the demands of daily life [4] . Deficits in these core processes have consistently been shown in early psychosis [5] [6] [7] . Our own previous studies in an independent group of adolescents with psychosis have shown that executive functioning performance is altered at the time of the first episode [8] , and, although function in this cognitive domain improves at follow-up, the degree of the impairment relative to healthy controls remains stable over the first two years of the illness [9, 10] . Specifically, studies on the first episode psychosis have supported the notion that executive functioning deficits are predictors of significant social, functional, and vocational disability leading to a poor quality of life in this population [11] [12] [13] [14] [15] . Moreover, executive functioning performance has been strongly associated with the severity of negative symptoms in these patients [16, 17] , which has an impact on interpersonal behavior, work, household functioning, and community development [18] [19] [20] . In particular, studies have found consistent, significant cross-sectional associations between executive functioning performance and measures of social problem solving and daily life activities in adults with schizophrenia. Poorer cognitive flexibility and verbal fluency abilities are associated with worse daily life problem solving and independent living skills in schizophrenia [21] [22] [23] . Specifically, deficits in attention, reasoning, cognitive flexibility, response inhibition, and verbal fluency and processing speed can limit an individual´s ability to lead a normal life [24] . Executive impairments can interfere with the ability to understand and internalize the information and skills trained in specific psychotherapies for psychosis and, thus, prevent applying them in everyday life [25] .
Problem-solving training strategies are a core part of cognitive remediation approaches for patients with psychosis. They have traditionally included in these programs to enhance the patient's skills to cope and manage their daily life dilemmas. The aim is to assist participants to adapt to novel situations, orientating and redirecting their behavior in order to set and properly archive their goals by generating, evaluating, and choosing between alternative courses of action [26, 27] . The inclusion of this key component in cognitive remediation programs has demonstrated greater positive effects than those approaches only based on "drill and practice" [28] . Particularly, the implementation of a problem-solving framework within cognitive remediation programs has shown not only to improve executive deficits but also to contribute to successful and sustained cognitive and functional recovery [18, [29] [30] [31] [32] [33] . Moreover, the implementation of these strategies together with multifamily group psychoeducation has shown better results than cognitive remediation or psychoeducation alone in improving the course of psychosis [34] In this context, problem-solving strategies [35] have been defined as an essential component of our PE group intervention [1] . Although the inclusion of this component within the PIENSA (Programa de Intervención en Psicosis Adolescente; Intervention Program in Adolescents with Psychosis) clinical program was aimed to prevent relapses and facilitate self-management in stressful situations, plausible remediation of executive function through enhancement of problem-solving skills may play a role in the observed beneficial effects of the PE intervention [2, 3] . Previous studies have explored the role of cognitive performance on functional variables such as rate of employment [36] , vocational outcomes [37] , functional recovery, and treatment satisfaction [38] . However, to the best of our knowledge, no previous studies have explored the role of executive functioning performance in the response to PE interventions in psychosis. The present study aims to examine the role of executive function in response to a problem solving based PE treatment relative to an NS group intervention in participants with psychosis who underwent baseline and follow-up cognitive assessments in the context of the PIENSA randomized controlled clinical trial (NCT02101372). We hypothesized that an improvement in executive functioning performance over time (i.e., an improvement in problem-solving skills) would be associated with beneficial effects (such as a reduction in symptoms and number of visits to the emergency department) observed in the problem solving based PE group.
Experimental Section
The main clinical trial has comprehensively been described elsewhere [1] [2] [3] . In brief, this was a two-year follow-up, randomized, rater-blinded, outpatient trial on the efficacy of a problem solving based PE group intervention implemented in parallel for patients with early-onset psychosis and their families compared to an NS group intervention. In this context, all cognitive, clinical, and functional ratings were rater-blinded. The method of randomization was random number generation by computer program. After providing written informed consent, all randomized participants received PE or NS group intervention for 9 months.
The authors assert that all procedures contributing to this work complied with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008.
Dr. Marta Rapado-Castro had full access to all study data and takes responsibility for the integrity of the data and the accuracy of the data analysis.
Clinical trial registration information: Intervention Module AGES (AGES-CM) (http://clinicaltrials. gov/); NCT02101372.
Study Participants
The original study was offered to 90 adolescent outpatients with early onset psychosis. A total of 55 patients were finally included in the main trial, allocated to PE (N = 27) and NS (N = 28) group interventions [2, 3] .
The inclusion criteria for patients were age between 14 and 18 years, living at home with either one or both parents, caregivers, or legal guardians, and the presence of at least 1 positive psychotic symptom (delusions or hallucinations) before 18 years, with diagnosis of a psychotic disorder according to the Diagnostic and Statistical Manual of Mental Disorders, fourth version, text revised DSM-IV-TR. The exclusion criteria were any neurological developmental disorder and inability to engage in conversation or read in Spanish that might interfere with the progress of group treatment. Drug abuse or dependence was also an exclusion criterion, but not drug use at the time of the intervention.
The current study examined the role of executive functioning performance in clinical outcome measures over time. Therefore, only those participants out of the original sample (N = 55) who completed both baseline and two-year follow-up neuropsychological assessments (N = 22) were included in the present study. Of those, 20 had a first episode of psychosis, and 2 had had previous episodes (1 hospitalization (N = 20); 2 hospitalizations (N = 2)). Participants who had valid baseline and longitudinal cognitive data (N = 22) had a higher Positive and Negative Syndrome Scale (PANSS) negative symptoms score at baseline (19.57 ± 7.34) than those who did not complete the corresponding cognitive assessments (15.00 ± 6.60; t = 2.34, p = 0.023). They did not differ significantly in terms of positive symptoms, functioning, antipsychotic medication, number of previous episodes, number of days hospitalized, age, sex, race, diagnosis, treatment group assignation, or number of visits to the emergency department at baseline (results not shown).
Intervention Program in Adolescents with Psychosis, the PIENSA Program
Group interventions were implemented in parallel in 2 separate groups (for parents and for adolescents). PE intervention focused specifically on problem-solving strategies and structured psychosis-related information to manage daily life difficulties associated with the disorder. To mitigate crises and to prevent relapses, written material (i.e., a handbook of psychosis [39] ) was provided. The NS intervention used a supportive group approach aimed to connect adolescents and parents facing similar challenges, thus enabling members to share experiences and advice. The same two therapists delivered both the PE and NS group interventions for patients, and two other therapists delivered both (i.e., PE and NS) to parent groups. A detailed description of the study design of the PIENSA clinical trial has been published elsewhere [1] .
Problem Solving Based Psychoeducational (PE) Group Intervention
The PE group consisted of a multifamily intervention including an initiation and a group phase. The initiation phase comprised three individual sessions of 50 min each that allowed for the exploration of current dilemmas and the establishment of therapeutic alliance. The group phase included 12 biweekly, 90 min structured sessions focused on the development of problem-solving strategies to manage daily life difficulties. These structured sessions included an informal chat in which all the group members could talk about their difficulties or concerns. Group leaders picked out an individual dilemma to be solved in the group, making use of the problem-solving strategies that were at the core of each session [1] . The use of problem-solving strategies aims to help participants to take a more active role in their lives by teaching them skills to effectively make decisions regarding their psychotic disorder (i.e., taking medication or managing its plausible side effects) and achieve their goals (i.e., completing or finalizing their studies). By exemplifying this problem-solving approach with a particular dilemma (i.e., "I do not know how to talk to others about my bipolar disorder"), participants may learn to apply/generalize it to any other dilemmas they may encounter (i.e., "I do not know how to say no to alcohol and drugs"). This may empower them to face difficulties more independently, increasing their confidence and agency to manage different aspects of their lives related to the disorder [40] .
The core components of the problem-solving strategies [35] implemented in the PE group are described as follows [26, 27, 29] . (1) Clear definition of the dilemma. Participants, together with their group leader, identified a dilemma and the negative or ineffective answer that it generated in the targeted individual. In cognitive terms, the definition of a problem requires an adequate orientation of the attention capacity towards what is happening/worrying participants; an adequate abstraction capacity in order to represent the problem; planning, monitoring, and inhibition to inhibit nonrelevant information; and decision making to focus on defining the specific trouble that is happening with themselves. (2) Brainstorming. Once the problem had been clearly formulated, the group members were encouraged to generate as many potential solutions that came to their minds for the defined situation. Verbal fluency and processing speed are essential at this point in order to evoke the greatest number of possible solutions through verbal expression. (3) Evaluating solutions. Potential solutions generated in the previous step were evaluated through careful examination of their plausible pros and cons. This allows for the exercitation of attention and abstract thinking in order to represent and actually evaluate the adequacy of each solution. (4) Taking action. The PE group session ended with a clear definition of an action plan drawn up by the whole group based on the solution selected by the individual whose situation had been examined. This requires the activation of the so-called planning abilities. Then, the selected solution/ plan needed to be executed or carried out between sessions to see if it really worked for the target individual. (5) Task review. The target participant from the previous session was invited to review/evaluate the adequacy of the attempted solution. If it was not possible to implement or if it failed, then another solution from those reviewed in the previous session might be selected and implemented more effectively and discussed in the following session. In this phase, cognitive flexibility plays a fundamental role in helping participants to adapt to the changing demands of the environment.
Nonstructured Intervention
The NS also included both an initiation and a group phase where facilitators did not follow a structured model or provided written material. Instead, we encouraged participants to talk about their personal experiences to help and support each other. The help could take the form of sharing coping strategies, establishing social networks, providing relevant information, and/or listening to other's experiences. Thus, no specific tasks that may have an effect on cognitive functioning were conducted other than an informal talk in the context of a support NS group.
Both the PE and NS group interventions complemented current individual psychiatric management and psychopharmacological treatment.
Clinical Assessment and Outcome Measures
Diagnosis was established at baseline according to DMS-IV-TR criteria using the Spanish version of the semistructured interview for children and parents, the Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime version (K-SADS PL) [41] , and was confirmed using the same instrument at 2 years of follow-up when patients were younger than 16 years or a structured clinical interview for DSM-IV Axis I disorders (SCID-I) when patients were older than 16. Three main diagnostic categories were established for descriptive purposes only: schizophrenia spectrum psychosis (SSD; N = 10), affective psychosis (N = 9), and other types of psychoses (N = 9).
Symptom severity scores, global functioning and number of relapses in terms of the number and duration of hospitalizations and number of visits to the emergency department, were included as outcome variables in the present study. Severity of positive and negative symptoms was assessed using the Positive and Negative Syndrome Scale (PANSS) [42, 43] . Global functioning was measured using the Children Global Assessment of Functioning (C-GAS) Scale [44] . Number and duration of hospitalizations and number of visits to the emergency department were collected through a custom-designed questionnaire and subsequently corroborated using medical records. These evaluations were blindly applied by experienced psychiatrists in child and adolescent psychiatry before the intervention (i.e., at baseline) and at two-year follow-up.
Neuropsychological Assessment
Each individual underwent a comprehensive neuropsychological assessment at baseline and at two years of follow-up, including those cognitive functions consistently described as being affected in psychosis [5, 6] (i.e., attention, working memory, memory, and executive function). Participants completed this cognitive evaluation in the context of a parallel, longitudinal, adolescent, first-episode psychosis study aimed to examine clinical, neuropsychological, biological, and prognostic factors in these participants with psychosis [45] . Of those, only executive functioning measures were selected in order to measure the change in performance of this cognitive domain over time (two-year follow-up minus baseline). Specifically, the following cognitive tests and their corresponding derived neuropsychological variables were used: Trail Making Test (TMT) [46] derived score (i.e., TMT part B minus TMT part A; a relatively pure indicator of executive control [47, 48] ); Wisconsin Card Sorting Test (WCST; i.e., total number of errors, perseverative errors, and categories completed, including indicators of cognitive flexibility, executive control, planning, monitoring, and decision making [49] ); total number of correct words from the Verbal Fluency Test (FAS), a phonemic test assessing the individual´s ability to generate words starting with the same letter [50] ; and the Controlled Oral Word Association Test (COWAT), a semantic test assessing the individual´s ability to generate words belonging to the same semantic category [51] (see Table 1 ).
Neuropsychological evaluations were performed by psychologists trained in the use of these instruments. Interrater reliability for administration and scoring of the cognitive scales were determined using the intraclass correlation coefficient in an independent sample of 10 subjects prior to the baseline assessments (>0.85 for all instruments). For this study purpose, raw scores were preferred over age-scale standardized scores because the later have small variances. 
Statistical Analysis
Data were analyzed on an intention-to-treat basis. Normal distribution of variables was assessed by means of the Shapiro-Wilk test. Means and standard deviations (SDs) were used to describe continuous variables. Frequencies were used to describe discrete variables. Differences in demographic, neuropsychological, and clinical variables between participants in the PE and the NS group interventions at baseline were assessed by means of Student´s t-tests or chi-squared tests, according to the type of variable.
Spearman rank correlation and partial correlation analyses (adjusting for baseline cognitive performance, when appropriate) were used to examine the associations between changes (two-year follow-up minus baseline) in executive function tests and the variables and changes in the outcomes of clinical and functional measures within each treatment group.
All variables were tested for collinearity assumptions. No autocorrelation or collinearity was observed in the a priori specified independent variables. Thus, corrections for multiple comparisons were not done because all comparison analyses were independent, they were specified a priori, and collinearity assumptions were met [52] .
All statistical analyses were performed with SPSS version 18 (SPSS Inc., Chicago, Illinois, USA), and a two-tailed p value ≤0.05 was considered statistically significant.
Results

Sample Characteristics
A sample of 22 adolescents with psychosis (mean age 16.32 ± 1.25; range (14) (15) (16) (17) (18) (19) ) were allocated to the experimental (PE; N = 10) and the control group (NS; N = 12), respectively, and completed clinical, functional, and neuropsychological assessments over time. We found no statistically significant differences between participants in the PE and the NS groups in sociodemographic, clinical, functional, antipsychotic treatment, or neuropsychological characteristics at baseline, with the exception of cognitive performance in the WCST number of categories completed which was higher in the NS group (t = −2,5, p = 0.019), the WCST number of errors which was higher in the PE group (t = 2.05, p = 0.053), and the COWAT number of correct words which was higher in the PE group (t = 2.19, p = 0.041) (see Table 2 ). Participants in both PE and the NS groups improved in clinical and functional outcome scores over time. In addition, there were no differences in the dose of antipsychotic treatment between the PE and the NS groups at baseline (t = 1.69, p = 0.11) or at two-year follow-up (t = 1.25, p = 0.43). 
Associations between Change in Executive Function and Change in Functional and Clinical Variables at Two-Year Follow-Up in the PE and the NS Groups Separately
Because of the observed differences in cognitive performance at baseline between participants in the PE and the NS groups (i.e., specifically in the WCST number of categories completed, WCST number of errors, and the COWAT number of correct words), an initial Spearman's rank-order and secondary partial correlations (adjusting for baseline cognitive performance scores as appropriate) were conducted between changes (two-year follow-up minus baseline) in executive function and change in clinical and functional variables at the two-year follow-up (see Tables 3 and 4 ).
When examining initial Spearman's rank-order correlation, significant, negative correlations were found between increased verbal fluency (i.e., change in FAS number of correct words) (r = −0.73, p = 0.025, 95% CI −0.932, −0.192) and change (decrease) in PANSS negative symptoms in the PE group. In addition, increased verbal semantic fluency (i.e., change in COWAT verbal fluency categories) (r=−0.75, p = 0.020, 95% CI −0.936, −0.224) was significantly correlated with change (decrease) in PANSS positive symptoms in this PE group (see Table 3 ). No significant associations were found for executive function performance measures and global functioning (GAF), the number of hospital visits, nor the number of hospital days.
When we controlled for baseline performance scores in COWAT verbal fluency categories on the relationship between change in COWAT verbal fluency categories and clinical and outcome measures, we found that improved positive and negative symptoms over time, assessed using the PANSS positive and PANSS negative change scores, were significantly associated with a change (increase) of COWAT verbal fluency categories (partial correlations: PANSS positive r = −0.76, p = 0.030, 95% CI −0.936, −0.224; PANSS negative r = −0.76, p = 0.029, 95% CI −0.907, −0.03) in the PE group. This indicated that baseline performance scores in COWAT had an influence on controlling for the relationship between change in PANSS and COWAT verbal fluency scores (Table 3 ).
Significant partial correlations were also found between change (reduction) in the number of emergency department visits and increased semantic verbal fluency (COWAT; r = −0.74, p = 0.035, 95% CI −0.0908, −0.037) in the PE group (see Table 3 ). No associations were found for any of the executive function measures and clinical variables in the NS group (see Table 4 ). 
Discussion
The present study suggests an association between an improvement in executive functioning performance and a reduction in clinical symptoms and the number of visits to the emergency department in adolescents with psychosis who participated in a problem solving based PE group intervention. In contrast, these associations were not observed for adolescents in the NS group. Our results suggest that cognitive/executive functioning performance may play a role in clinical and daily life improvement in participants in the PE group, with increased semantic and phonetic verbal fluency abilities contributing to the specific symptoms (i.e., positive and negative) and reduced number of visits to the emergency department over time in this particular group. These findings indicate that implementation of problem-solving strategies within psychosocial PE interventions may have an impact on clinical and functional outcomes, by providing patients with long-lasting resources to manage daily life more effectively through enhancement of their executive functioning abilities.
In the current study, we found particular associations between increased verbal fluency abilities and decreased positive and negative symptoms and reduced number of visits to the emergency department in a group of adolescents with psychosis attending a problem solving based PE group intervention. Specific linguistic abilities such as verbal fluency are crucial cognitive processes that have been implicated as contributing to global impairments in executive function [50] . The abilities involve more than semantic or phonetic knowledge, requiring participants to access their mental lexicon and semantics to retrieve words. They also involve executive skills to track prior responses, select words meeting certain constraints, and block intrusions from other semantic categories [54] . Thus, deficits in verbal/language ability and executive control would cause poor performance in the verbal fluency tasks. In this regard, the retrieval process in verbal fluency tasks such as FAS or COWAT is considered a measure of executive function, as it requires planning, monitoring, and decision making in order to inhibit irrelevant information and select the correct responses (i.e., a limited set of words from lexical/phonetic or semantic memory) [9, 50, 55] . As such, these tasks (i.e., phonetic and semantic) have been included in the present study as a measure of executive function, providing an indicator of distinct cognitive mechanisms that have shown to have an effect on reducing symptoms and the number of emergency visits, which might be reflective of improved symptoms and crisis management of subjects in the PE group through enhancement of their executive skills/verbal fluency abilities, which has not been observed in participants in the NS group.
Previous studies on the relationship between cognitive function and clinical outcomes have outlined associations between verbal fluency deficits and the severity of negative symptoms [56] . In addition, improvements in verbal memory and executive functions with median to large effect sizes have been observed in cognitive remediation approaches for adolescent psychosis together with improvements in daily living, adaptive functioning, and family burden [57] . Furthermore, particular improvements in verbal fluency measures, together with significant positive and negative symptom reductions, have also been observed in specifically targeted problem-solving program interventions [58] . Verbal fluency performance has shown to be one of the most impaired cognitive functions in first-episode schizophrenia patients and individuals at ultra-high-risk for psychosis (i.e., specifically semantic verbal fluency [59] and one of the best cognitive predictors for psychosocial functioning [60] ). The executive function verbal fluency tasks can also be used as an instrument for general verbal/language functioning. Thus, an improved ability of the subjects to express themselves and/or to actively engage in a conversation may result both in symptom and functional improvements. Studies have demonstrated that patients who have better communication skills are more autonomous and have better capacities to solve daily problems [61] . In our current study, improved verbal executive abilities might reduce severity of symptoms and the number of contacts with the emergency services as a result of the implementation of our problem solving based PE intervention. As we have previously hypothesized [2] , our current data demonstrate that reductions in symptoms and emergency visits are associated with improved verbal/executive abilities within our problem-solving PE group, which is not present in individuals attending the NS group intervention. It may also be hypothesized that symptom reduction, per se, has resulted in an improvement in the patients´executive functioning performance. However, we have observed positive and negative symptom reductions in both PE and NS groups, with the reported associations between executive functioning performance and symptom reduction observed only in the PE group. These findings are congruent with the sort of problem-solving strategies that have been implemented within our PE intervention, where the participants need to generate the largest number of alternative solutions possible and make use of their verbal/executive processing abilities. In fact, even though not initially designed to address this matter, it is this particular cognitive (executive function) component that differentiates our problem-solving PE intervention from the NS program [1] .
Limitations of this study include the small sample size, which may lead to unrepresentative treatment groups in comparison to the main study from which this sample was derived. Aligned with its main aims, the primary outcomes of the PIENSA clinical trial were defined as symptom and functional changes over time, not cognition. Hence, cognitive functioning assessments were not completed by all participants. On that account, the inclusion of a problem-solving component in the PE group was aimed at preventing relapses and facilitating self-management in stressful situations not specifically targeted to enhance remediation of executive function, which restricts our findings. A specially designed PE intervention that specifically addresses the executive/cognitive component is necessary for a better understanding of the reported associations and the unravelling of its pathway. Even though we aimed to control for plausible confounding factors, we found differences in cognitive performance at baseline between individuals in the PE and in the NS groups in our sample. Improvement in executive functioning performance may not be the only therapeutic component contributing to the observed beneficial effects of the PE intervention. Future studies should evaluate individual components of the PE intervention that are missing from the NS group, such as better medication adherence, which may affect the improvement in symptoms and functioning in the PE group. In this regard, an additional limitation is the lack of an objective measure of adherence to the antipsychotic treatment.
Despite these limitations, the present study suggests an avenue for further exploration in a field where there is still a lack of effective treatments. Negative and cognitive symptoms are prominent and persistent dimensions of psychosis that are not adequately treated with currently available psycho/pharmacotherapies, which have mainly targeted positive symptoms. Our results provide support for the inclusion of a cognitive component in traditional pharmaco/psychotherapies to enhance and extend its beneficial effects. Further, our results are consistent with the primary outcomes of the main PIENSA clinical trial, where PE intervention improved measures of negative symptoms and the number of visits to the emergency department in adolescents with psychosis at the end of the intervention [2] that persisted two years later [3] . The direction of this relationship between clinical and cognitive change still remains to be clarified.
Conclusions
Our results highlight the PIENSA PE program may represent a significant advancement in psychosocial interventions for adolescent psychosis, as it uses a holistic approach that incorporates a cognitive remediation (i.e., problem-solving training) component that extends beyond traditional psychoeducation to facilitate the achievement of a broader symptom and functional recovery. This may have important implications in the development of new areas of clinical intervention focusing on the role of cognitive functioning in response to psychosocial treatments in psychosis. 
